wasting may be classified under two main headings, (a) insufficient food, and (b) presence of infection. nsufiient food may be due to quantitative or qualtative defects m the diet or it may be the result of inpaired absorption from the ahmentary tract due to disease or diarrhoea. It may also be due to insuffiEent food reaching the intesine, as in abnormal conditions of the oesophagus or of the stomach, for example, pyloric stenosis. It is dilicult in some cases to separate lack of food from the presence of infection as the cause of wasting, because vomiting-and diarrhoea and intolerance of food may be the result of infection and so introduce the starvation factor. Conversely, the infant who is not receiving adequate food is more liable to infection than the one whose nutrition is normal. In treating states of malnutrition it is always xnessary to discover the underlying cause, for unl this is removed, the measures desgned to arrest the progress of wasting will probably fail.
Recent studies have shown that gross protein depktion may occur in wasted subjects. Starvation deprives the body of the protein which is normally retaned by growing infants, and it may be assumed that infection and injury accelerate protein metaboism in infants as has been described in adult man and in animal (Cuthbertson, 1944; Himsworth, 1946) and there is a rise in the basal metabolic rate (Talbot, 1921; Fleming, 1921 Wben preparations of protein digests became availabe it was appreciated that they might be used to provide an easily assimible food and to augment the p n intake of maramic infants at the beginning of their treatment Young infants suffering from malnutition or infection may have hypochlorhydria (Marriott and Davidson, 1923; Parsons, 1924) , and relative pancreatic ins i (Andesen, 1942) . It is, therfore, rational to give them hydrolysed protein which can be absorbed by the alintary tract without much digtve actvity. Frhermore, the mixture of polyeptides and amino-adds of which the digests are composed is freely soluble and no curd is formed in the stomach. Information concerning the phase of recovery from malnutriton in infancy is scanty, and the maximu rate at which repair can be achieved has not been sbtdied in relation to detary intake. The protein intake should be high enough to allow for nitrogen rtention to proceed at a greater rate than it does during periods of normal growth and, in planning the feeds to be used in this invtigation, it has been considered that 4-6 g.
protein/kg/day would probably be adequate in this respect Preparations of casen hydrolysate for oral administrataon became available in 1944 and a prliminary trial of three of these was arrangedforthwith. Amounts to increase the concentatio of protein by 1 per cent or 2 per cent were added to the cows' milk mixture or to the expre b st milkl which was being used to feed twenty-five infants. Most of the infants took the feeds well without disturbance of alitary function. Some had four to five bowel movements a day and thestools were somewhat relaxed, but the patiets continued to thrive and to gain weight sa rily without any change in the composition of the feeds.
Since hydrolysed asein was found to be well tolerated by infants, it was planned to use it systemtical for feeding marasmic babies. One of the preparations used in the trial, 'casydrol ',* was used throughout the subsequent investigations.
Feeds for Mr Ia
The composition of the cows' milk feeds which have been used is shown in Fig. 3 shows the weight gains (as g./kg./day) during each week, for the two groups of infants (I and 3) who made straightforward progress. It will be seen that the range is wide, but that a large number of infants were gaining much more than the 7 g./kg. daily which is the average for healthy, full-term infants during the second and third months of life. The relatively higher rate of gain achieved by the marasmic infants is due partly to larger total weight gains (see fig. 1 ) but partly to their initially low weights. Since requirements of food are always prescribed on the basis of body-weight, however, the amount of weight which is being gained can best be related to the diet if it is exprssed as g./kg./day. Fig. 3 (Weech, Goettsch, and Reeves, 1935; Weech, Wollstein, and Goettsch, 1937; Sabine and Schmidt, 1943; Chow, 1946) and in adult man (Mollison, 1946; Walters, Rossiter, and Lehmann, 1947 proporion of the levels reached a value above the ine for the infants in Groups 1 and 3, while they continued to be below it for those in Groups 2 and 4, whose progress was complicated by infection. The levels show a wide scatter and no dose relationship was found between them and the severity of the wasting in the different patients.
The protein levels of our patients were higher PROTEI N PRTEIN q(oomt. 'P * shown m fig. 6 . Ihe initial srum protein concentrations within a few days of operation wer found to be higher than those one to three weeks later, whereas subsequent values showed an increase. This sequence or part of it was found in fifteen out of the sixteen infants in Group 1 whose levels were estimated regulry. 'le same occurred in the levels of a number of the infants in the other groups but not so conently. The cases within Group 1 were more alike clinically than were those in the other groups, and this may explain why the sequence of changes in their serum protein levels GROUPS 2 and 4 'P --Li~~~~~~~~-- than those for marahnic infants recorde(i by other workers (Utheim, 1920) , and the uniformly high protein diet used in this investigation may account for this difference. Hypoproteinaemia was more often found amongst the group of marasmic infants who were the subjects for the preliminary tests with casein hydrolysate, and these paients were usually given much less protein than the infants in the later systematic invesfigation.
The results of serial esimations of the serum protein levels in individual infants often showed fluctuations from week to week. A pattern was dicernible, however, in the recovery phase of many of the infants in Group 1, and it is was more uniform. The pattern is similar to the one described during recovery from protein depletion in rats (Cannon, Humphreys, Wissler, and Frazier, 1944) and in adult man (Walters et aL, 1947 
ARCHIVES OF DISEASE IN CHILDHOOD
This was also found to be the case in animals and adults suffering from malnutrition (Weech et aL, 1935; Rossiter, 1946) . In some of our patients, however, the albumin concentration changed in the opposite direton from the total protein; no explanation is offered for these differences in the fractionation of albumin and globulin. Haemoglobin levels Fig. 7 shows the haemoglobin levels of the four groups of infants compared with the average normal levels of artificially fed infants of similar ages, that is, one to five months (Horan, 1949) . Since the normal haemoglobin curve is falling steeply during this period, the levels have been graphed as percentages above or below the standard levels. In this way they are shown in relation to the course of treatment. The levels of the premature infants are distinguished by (P) and those of the infants who received transfusions by (T). None of the levels estimated subsequent to transfusion has been recorded. The levels of the infants who made steady progress, Groups 1 and 3, have been separated from those in Groups 2 and 4 whose course was retarded by infection in sections (a) and (b) of Fig. 7 . It may be seen that throughout the period of observation a larger number of the levels were below than were above the average for normal full term infants. The tendency to anaemia is slight, however, and if a lower curve (Mackay, 1933) had been used as the anaemia might have been expected from descriptions in the literature of marasmic infants and, again, the food which our patients were receiving may explain the results.
Non-rotein Nitrgen Levels
The non-protein nitrogen levels were estimated regularly on the same samptes of blood as were used for serum protein and haemoglobin levels. The results show that the levels usually varied between 20 and 50 mg./100 ml. but occasionally higlevels of the order of 80-90 mg./100 ml. were obtained. None of these was associated with a low serum bicarbonate level which would have indicated acidosis due to renal insufficiency. They were judged to be due to a high urea production from metabolism of the protein in the diet since the blood urea levels were also high. The levels tended to fall, and usually lay within the normal range if the intake of total calories was increased by the addition of carbohydrate. The process of recovery in wasted infants has not to our knowledge been studied fully, nor have reports of the progress of series similar to the present one been found in the literature. The early post-operative progress of infants with pyloric stenosis has been studied in relation to diet (Levi, (Horan, 1949) . Each estimation has been expressed as a percentage above or below the average level for age.
1941), but the course of those suffering from marasmus was not separated from that of the babies whose obstruction was relieved before wasting became a prominent symptom. It has been asserted that gain in weight is often delayed for a considerable time in severely wasted infants (Utheim, 1920; Parsons, 1924) . Most of the infants in the present investigation started to gain weight during the first week of treatment, and progress, even in those with definite signs of infection, was usually well maintained. Serious or chronic infection, however, was associated with an unsatisfactory course, as in case No. 4 (Group 4) who was suffering from multiple osteomyelitis. The free use of sulphadiazine and penicillin has undoubtedly contributed much to the good results which have been obtained. The relatively low incidence of hypoproteinaemia and of severe anaemia may also be due partly to these state. It has been shown, for example, that protein regeneration and haemoglobin production are stimulated by the administration of plasma, meat, and liver especially (Pommerenke, Slavin, Kariher and Whipple, 1935) . The effects of these substances may be due to their amino-acid composition or to other less specific factors. Many of the patients were discharged from hospital while they were still suffering from, a severe degree of undernutrition, and our attention has been drawn to the need for a long period of after-care for such infants in order that they may reach a state of normal nqtrition as soon as possible. The 4-5 oz. gain per week which is commonly accepted as adequate is insufficient to enable them to attain the normal weight range for their age and often a better rate can be achieved by improving the diet. Care should be taken also to protect marasmic infants fig. 8a ) was taken before, and the second ( fig. 8b ) twenty-four days after operation. Fig. 8c shows weight gain, and serum protein and haemoglobin levels during same period.
from contact with infection; they are not only extremely susceptible but withstand it very badly. This may be partly due to a poor immunological response such as is known to be associated with protein depletion in animals (Cannon, Chase, and Wissler, 1943; Wissler, Wooldridge, Steffee Jr., and Cannon, 1946 The serum protein and haemoglobin levels were estimated at weekly intervals for the periods during which the patients remined under hospital care.
